Seedling proline content appears not to be related to percentage germination but appears to be related to the decline in osmotic potential in germination media. Seed germination test at -0.7 to -1.2 MPa has the potential to be used as a vigor test in sweet corn.
INTRODUCTION
Most of the agriculture land of the world is considered semi-arid, and the main limiting factor is water. Studies have shown that germination of seed is decreased and delayed under water stress (Guo et al., 2012; Patane et al., 2012; Dabbagh mohammadi Nasab, 2011; Hao and De Jong, 1988; Rao and Dao, 1987) . Germination percentage decreased in low osmotic potential of Polyethylene glycol (PEG) (Almansouri et al., 2001; Yagmur and Kaydan, 2008) .
Roots are very important in plant growth as they absorb soil moisture and nutrients. Drought stress affects root weight of the plant during water stress conditions (Yang et al., 2006) . Root length is often directly related to absorbed water from soil (Hamblin and Tennant, 1987) . Root growth is an important drought tolerance mechanism in beans for drought avoidance and absorbing water from depth of soil, but root growth decreases in drying soil (Sponchiado et al., 1989) . Root elongation and root diameter decreases at low water potentials in maize (Sharp et al., 1988 (Sharp et al., , 2004 . Root elongation decreases under drought stress by more than 88% in millet (Radhouane, 2007) . Gholami et al. (2009) reported that drought stress decreased root length in corn. Inverse root length is reduced under low osmotic potentials in triti- cale (Yagmur and Kaydan, 2008) . Proline content accumulation is a common metabolic response of higher plants to water deficits and salinity stress and substantially increase in both young and old leaves during a dry period (Tarighaleslami et al., 2012; Din et al., 2011; Pirasteh Anosheh et al., 2011; Aziz and Khan, 2003) . Little information is available on the response of seed proline content when seeds are sown under water stress field conditions. The ability of the plant to accumulate proline is important for the plant and may be an adaptation process of the plant over short periods to resist water stress (Jäger and Meyer, 1977) .
Therefore, the objective of this study was to evaluate the effects of different osmotic potential on the proline content and influence on sweet corn seed germination.
MATERIALS AND METHODS
Experiments were conducted in the laboratories of Faculty of Agriculture and Department of Crop Science, Universiti Putra Malaysia (UPM). The design of the experiment was Factorial base on randomized completely block design (RCBD) with three replications. Seeds of three sweet corn hybrids (968, 969 and 926) and two open pollinated varieties (Masmadu and Thai super sweet) were used. Twenty five (25) seeds of any cultivar were selected and sterilized in sodium hypochlorite (5%) and then washed twice in water. Seeds were germinated at osmotic potentials of 0.0, -0.2, -0.5, -0.7, -1.2 and -1.4 MPa of polyethylene glycol 6000 (Cony and Trione, 1998) for nine days in Petri dishes on moist Whatman filter papers at 26°C. The germination data were recorded daily. Percentage germination, mean germination time and coefficient velocity of germination were calculated by the equations 1, 2 and 3, respectively: 1) Germination percentage (%) = Final number of seeds germinated × 100 (Scott et al., 1984) .
2) Mean germination time (MGT) (day) =Σ Dn/Σn
Where, n is the number of seeds, which were germinated on day (D) and D is the number of counted days from the beginning of germination.
3) Coefficient of velocity of germination (CVG) = N1 + N2 + · · · + Nx /100 × N1T1 + · · · + Nx Tx Where, N is the number of seeds germinated each day, T is the number of days from seeding corresponding to N (Jones and Sanders, 1987) .
The seedling roots were scanned by using a root scanner WinRHIZO system (WinRHIZO, Regent Instrument, Inc.) on the ninth day of the germination period. Proline content in the nine-day seedlings was measured by Bates et al. (1973) method. The data were analyzed using SAS software (SAS Institute Inc, Cary, NC, USA, SAS (r) Proprietary Software 9.2 (TS1M0)). Treatment means were compared using least significant test (LSD) at 5% level of probability.
RESULTS AND DISCUSSION
Results of these experiments show significant effects of osmotic potential and variety on percentage germination, mean germination time (MGT) and coefficient of velocity of germination (CVG) ( Table 1) .
Percentage germination for open pollinated varieties, hybrid 926 and hybrid 968 declined to <80% as osmotic potential decreased to -1.2 MPa. The high percentage germination in all varieties was at -0.5 MPa (Figure 1) . Ghiyasi et al. (2008) reported the highest percentage germination and shorter time to 50% germination (T50) when seeds were germinated at -0.5 MPa. Germination percentage decreased in low osmotic potential of PEG (Almansouri et al., 2001; Yagmur and Kaydan, 2008) . Percentage germination decreased with increased PEG 6000 concentration which is due to the reduction in water potential gradient between the seed and surrounding media (Dodd and Donovan, 1999) .
Coefficient of velocity of germination (CVG) decreased progressively as osmotic potential decreased to -1.4 MPa, while mean germination time (MGT) increased progressively from 3 to 4 days to >5 days as osmotic potential decreased to -1.4 MP (Figures 2 and 3) . MGT is an accurate measure of the time taken for a lot to germinate, but this does not correlate well with the time spread or uniformity of germination. It focuses instead on the day when most germination events occur. CVG does not focus on the final percentage of germination, but places emphasis on the time required for reaching it (Kader, 2005) .
Seedling proline content increased progressively with decrease in osmotic potential during germination with the highest proline content observed in hybrid 968 (Figure 4) . The present results are in accordance with studies reporting that osmotic stress increased biosynthesis rate of proline content (Boggess et al., 1976; Fattahi Neisiani et al., 2009 ). The ability of the plant to accumulate proline is important for the plant and may be an adaptation process of the plant to resist short periods of water stress (Jäger and Meyer, 1977) .
Results show that proline content in the seedling increased with decreased water osmotic potential. This is because decrease in water osmotic potential of the media reduces the water potential gradient between the seedling and surrounding media, resulting in lower water uptake by the seedling, which may induce water stress in the seedling. Girousse et al. (1996) reported that water deficit increased the proline concentration of the phloem sap in alfalfa.
Seeds of all varieties except hybrid 969 showed >80% germination when imbibed at up to -1.2 MPa (Figure 1 ). Percentage germination of Thai super sweet, 926 and 968 hybrids declined to < 70% when osmotic potential of germination media was < -0.7 MPa (Figure 1 ). The present results are in accordance with studies by Thakur and Sharma (2005) who exported that a strong negative correlation between germination capacity and proline accumulation under stress. In potato plants there was reported increased proline content accumulation under water stress (Knipp and Honermeier, 2006) . The results of analysis of variance for root scan parameters are shown in Table 2 . Results of these experiments show that the effects of osmotic potentials and variety on Root Length (RL), Average Diameter (AD), Length per Volume (LPV) and Root Volume (RV) are significant (Table 2) . Also, interaction affect of osmotic potential × variety was significant ( Table 2) .
The highest root length (RL) and length per volume (LPV) at all levels of water osmotic potential were observed in hybrid 969 (Figures 5 and 6 ). The present results are in accordance with many studies that reported that root length decreasing under water deficit (Bilgin et al., 2008; Radhouane, 2007) . PEG increased root length at low concentration but decreased sharply at high osmotic potential (Radhouane, 2007; Yagmur and Kaydan, 2008) . The average highest root volume (RV) and average diameter (AD) were observed in hybrid 926 (Figures 7 and 8) . Root growth is affected by adequate plant water supply during water deficit (O'Toole and Bland, 1987; Sponchiado et al., 1989) . Plant growth is generally decreased in decreased osmotic potential and root growth is often less inhibited than shoot growth (Blum et al., 1983; Sharp et al., 1988; Sharp et al., 2004) . Results showed that elongation of primary root in corn is very sensitive to decreased water potential of the growth medium.
It has been found that polyethylene glycol 6000 increased root length and length per volume at low concentration (-0.2 MPa) but decreased at high concentration (-0.7 MPa). A variety of high root length is capable of absorbing more water under water stress conditions compared to control.
The present results are in accordance with the study of Farsiani and Ghobadi (2009) which indicated that the percentage of germination, germination rate, length of radicle and length root decreased under water stress condition. Corine et al. (2000) reported that in Arabidopsis thaliana, root diameter and elongation rate reduced under water deficit.
Conclusion
The results of this study show that the increase in seeding proline content in the seedling during germination is due to the decrease in osmotic potential of germination media. High seeding proline content in all levels was observed in hybrid 968. The results did not show a relationship between seedling proline content and percentage germination. Seed germination at -0.7 to -1.2 MPa appears to be a good selection criteria for hybrid and open pollinate varieties to be planted in arid or semiarid areas.
ACKOWLEDGEMENTS
This work was supported by University Putra Malaysia (UPM).
